ABSTRACT -
INTRODUCTION
The family Amaranthaceae consists of hardy, weedy, herbaceous, fast growing cereal like plants (Opute 1979) . Amaranth (also known as pigweed) is an important member of this family whose grain and leaves are utilized as food by humans as well as animals (Saunders and Becker 1984, Tucker 1986 ). The nutritional composition of both grain and vegetable amaranth has been previously studied (Teutonico and Knorr 1985 , Bressani 1990 , Shukla et al. 2006a . Vegetable amaranth (A. tricolor) has been rated equal or superior in taste to spinach and is considerably higher in carotenoids (90-200 mg kg -1 ), protein (14-30% on dry weight basis) and ascorbic acid (about 28 mg 100g -1 ) (Wu-Leung et al. 1968 , Makus 1990 , Prakash and Pal 1991 , Shukla et al. 2006b ). It is an under exploited plant with promising economic value, which has been recognized by the USA National Academy of Sciences (1984) . The main vegetable type (A. tricolor) seems to have originated in south Asia (Grubber and Van Stolen 1981) and then spread throughout the tropics and temperate areas (Martin and Telek 1979) . A. tricolor has been extensively cultivated, primarily in southern china (Martin and Ruberte 1979) . Vegetable amaranths are predominately self pollinated due to the presence of a number of male flowers per glomerule, terminal inflorescence and development of axillary glomerules (Rajan and Markose 2007) .
In spite of the fact that vegetable amaranth is used as a cheap source of protein and staple food crop in many parts of the world, negligible efforts have been made for its genetic improvement (Shukla and Singh Genetic interrelationship among nutritional and quantitative traits in the vegetable amaranth and 2002 , Shukla et al. 2004 . Although genetic variability and interrelationship studies among traits are available in other crops (Sukhchain et al. 1997 , Lopez et al. 1998 , Finne et al. 2000 , such reports on vegetable amaranth are rare. Foliage yield can possibly be improved through the knowledge of interrelationship among various agronomic and quality characters along with direct and indirect influence of component characters on yield. This helps in the prediction of correlated response to differential selection and detection of traits that serve as useful indicators of the more important ones under consideration (Johnson et al. 1955) . Keeping in view the immense importance of the crop, an attempt has been made for the first time to work out the interrelationships among different agronomic and quality traits in vegetable amaranth. The direct and indirect effects of different agronomic and quality traits on foliage yield were also studied which may help in determining the component traits affecting yield potential. Based on this information an effective selection program can be proposed for the genetic improvement of the crop.
MATERIAL AND METHODS
The present investigation was conducted from March to August 2003, at the experimental plot of National Botanical Research Institute, Lucknow (NBRI), India. The experimental material consisted of 39 distinct cultivars of vegetable amaranth (A. tricolor), which are maintained at N.B.R.I., Lucknow, India.
Experimental design
The crop was sown in a randomized block design (RBD) with three replicates. The plot size for each cultivar was 1 m 2 , with a row-to-row and plant-to-plant distance of 25 cm and 10 cm, respectively. During crop season, normal cultural practices were followed. Five plants were randomly selected from each replicate and were tagged before obtaining agronomical data. Data was recorded from these plants in each replicate for seven quality characters viz. protein content (100 mg g -1 ), ascorbic acid content (100 mg g -1 ), chlorophyll a (mg g -1 ), chlorophyll b (mg g -1 ), carotenoids (mg g -1 ), fiber content (%), and moisture content (%). Data was also recorded for seed yield (g plant -1 ) and its seven other contributing agronomic traits viz. leaf area (cm 2 ), branches plant -1 , leaves plant -1 , stem diameter (cm), plant height (cm), inflorescence length (cm) and 500 seed weight (g). All the data was taken separately for each strain. Simultaneously, another experiment was conducted comprising the 39 cultivars in a randomized block design with three replicates to record the total foliage yield of each strain. The plot size was 2 m 2 for each strain, with row-to-row distance 25 cm and plant-to-plant 15 cm. During the crop season four foliage cuttings were done at the interval of 15 days, which commenced from the 3 rd week of sowing. The data on total foliage yield plot -1 (kg) was taken comprising the entire cuttings. Moisture content was estimated on the ratio of fresh leaves wt. and 100 0 C dry wt. The extraction and estimation of chlorophyll a, chlorophyll b and carotenoid was done according to Jensen (1978) . Protein content in green leaves was estimated for each cutting following Peterson (1977) . Ascorbic acid content was estimated as per the method suggested by Glick (1954) , while fiber content was estimated according to Watson (1994) .
Statistical analysis
The experimental data was compiled by taking the mean of each strain for all the three replicates and were subjected to further statistical and biometrical analysis. Genotypic and phenotypic correlation estimates were worked out following the formula proposed by Robinson et al. (1951) . Path coefficient was carried out following Dewey and Lu (1959) , where foliage yield was assumed to be dependent variable (effect) that is influenced by the independent variables (causes) directly, as well as indirectly through other characters. The estimates of genotypic and phenotypic correlation were calculated by the following formulas:
r(x,y) = Cov(x,y)/√σx 2 σy 2 where r(x,y) is genotypic correlation between variables x and y Cov(x,y) is the genotypic covariance between the two variables σx 2 is the genotypic variance of the variable x; and σy 2 is the genotypic variance of the variable y Phenotypic variance (σ 2 p) = genotypic variance + error variance
RESULTS AND DISCUSSION
The analysis of variance for nine quantitative and seven quality traits are presented in Table 1 . The Anova S Shukla et al. for the 39 cultivars was significant for all the characters at 1% level of significance while no significant differences were observed within replication which suggested that the cultivars have enough variability for all the traits to carry out further genotypic studies.
The genotypic correlation coefficient between different characters pair was similar in sign and nature to the corresponding phenotypic correlation coefficient (Table 2) . However, genotypic correlations were generally higher in magnitude than the corresponding phenotypic correlation. The higher magnitude of genotypic correlation than respective phenotypic correlations between various characters in amaranth have also been reported earlier (Shukla and Singh 2002) . In the present study, foliage yield showed significant positive (genotypic and phenotypic) association with plant height (0.41, 0.33), chlorophyll a (0.61, 0.53), chlorophyll b (0.66, 0.56), carotenoid (0.61, 0.47), fiber content (0.76, 0.49) and ascorbic acid content (0.47, 0.39) which indicated that selection based on these parameters would considerably enhance foliage yield. Plant height had significant positive association with stem diameter (0.27), leaves plant -1 (0.25), leaf size (0.53), 500 seed weight (0.35), seed yield (0.28), ascorbic acid (0.25) and protein content (0.28) suggesting that these traits may contribute substantially to increase plant height. Stem diameter affects the primary branches and seed yield, as the association of this was positive and significant with these traits at both genotypic and phenotypic levels. It is interesting to note that stem diameter exhibited significantly negative correlation with all the qualitative characters except moisture and protein content. Similarly branches plant -1 had negative correlation with all the qualitative characters except moisture and protein content. However branches plant -1 was positively correlated with leaves per plant (0.51), seed yield (0.24), 500 seed weight (0.28), moisture (0.52) and protein content (0.30). Leaves plant -1 showed significant negative correlation with fiber content (-0.43) but positive significant correlation with any of the traits was not noticed.
Inflorescence length and leaf size were positively correlated with 500 seed weight and seed yield, while inflorescence length had positive correlation with leaf size (0.24). Leaf size revealed negative correlation with chlorophyll b (-0.30), carotenoid (-0.28) and fiber content (-0.34). 500 seed weight showed significant positive correlation with seed yield (0.281), ascorbic acid (0.24) and protein content (0.37). However, seed yield was negatively correlated with chlorophyll b (-0.31), fiber (-0.46) and ascorbic acid content (-0.25 and ascorbic acid content (0.78, 0.69), while both of the chlorophylls revealed negative correlation with moisture content. However chlorophylls a and b were positively correlated with each other. Carotenoid and fiber content showed negative correlation with moisture content, but had positive correlation with ascorbic acid both at genotypic and phenotypic levels. Ascorbic acid was positively correlated with fiber (0.39) and carotenoid content (0.71). Protein content was associated with plant height (0.28), branches per plant (0.30) and 500 seed weight (0.37). From the correlation study, it is evident that there is no way in which foliage yield can be changed without changing one or more of the characters. Moreover all changes in the components would not be expressed in changes in yield (as components may tend to counter balance each other), but all changes in foliage yield would be accompanied by changes in one or more of the characters. Path coefficient analysis is used to divide the observed correlation coefficient into direct and indirect effects of yield component that provide a more obvious picture of the character association for formulating efficient selection strategy. Path analysis differs from simple correlation in that as it points out the causes and their relative importance where as, the latter measures simply the mutual association ignoring the causation (Jaiswal and Gupta 1967). Path coefficient analysis was carried out using genotypic correlation coefficient among various characters to estimate the direct and indirect effect of 15 characters of manifestation on foliage yield (Table 3 and Figure 1 ). The chlorophyll a (3.87), carotenoid (1.23) and inflorescence length (0.82) exerted very high positive direct effect on foliage yield. The protein (0.61), plant height (0.12), stem diameter (0.21), leaves per plant (0.45), 500 seed weight (0.47)and fiber content (0.51) also had substantial positive direct effects on foliage yield. The characters branches per plant (-1.22), leaf size (-0.27), seed yield (-0.82), chlorophyll b (-4.54), moisture content (-0.81) and ascorbic acid (-2.26) showed negative direct effect on foliage yield. However, except for chlorophyll b and ascorbic acid all of these characters also exhibited negative genotypic correlation, which indicated that these characters were inversely correlated. It is surprising that all the qualitative components except moisture content showed a positive genotypic correlation with foliage yield and was indirectly affected via other components. The ascorbic acid had a high direct negative path on foliage yield (-2.26) but indirectly affected via stem diameter, branches per plant, seed yield, carotenoid, moisture and protein content. It also had a significant positive genotypic correlation with foliage yield (0.47) which suggested that indirect traits had much influence on ascorbic acid leading to an enhancement in foliage yield though ascorbic acid had a negative direct path with foliage yield. Similarly chlorophyll b, which showed a high negative direct path (-4.54) but indirectly affected via plant height, stem diameter, branches per plant, inflorescence length, leaf size, seed yield, chlorophyll a, carotenoid, moisture and protein content. It also had significant positive correlation with foliage yield (0.66). However, it is interesting to note that only plant height showed direct path on foliage yield (0.16) and also indirectly affected via all traits except chlorophyll b, it also had significant genotypic correlation with foliage yield (0.41). The only agronomic characters stem diameter, leaves per plant, inflorescence length and 500 seed weight had a positive direct path on foliage yield. However, from these, only inflorescence length and 500 seed weight exhibited positive correlation with foliage yield.
It was concluded from the present study that the foliage yield can be enhanced following the selection based on plant height, inflorescence length, 500 seed weight, stem diameter and considering all the quality characters except moisture content. The quality characters also may be a great impetus towards an increase of foliage yield along with enhancement in them also. 
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